Abstract. This paper studies the relationship between housing prices, stock prices, interest rates and aggregate output in the U.S. using monthly data from 1993 to 2014. Evidence from causality tests and a variance decomposition procedure suggest that stock prices have a much larger effect on aggregate output in the U.S. economy than do either housing prices or interest rates. Instead, the wealth effect created by changes in stock prices has a relatively large impact on U.S. aggregate output. Separate estimations and variance decompositions for the sample periods 1993 -2001, 2002 -2008 and 2009 -2014 show that the impact of housing prices relative to stock prices has been waning over time.
I. INTRODUCTION AND BACKGROUND
Housing is, and has traditionally been, an important sector of the U.S. economy. The historical data indicate that the contribution of housing to U.S. GDP is about 17 percent, of which approximately one-third comes from residential and fixed investment and around two-thirds comes from housing services (National Association of Home Builders, 2014) . Construction of new houses not only generates additional construction employment, it also adds to employment in the intermediate goods-supplying sectors of the economy, such as lumber, concrete, heating and cooling equipment, electric lighting fixtures and others. In addition to these benefits, construction activity generates greater employment in professional services, such as architecture, engineering, accounting, law and real estate, all of which provide services to home builders, home buyers and remodelers (Emrath, 2014) . According to 2014 data provided by the National Association of Home Builders (nahb.org), the building of an average new single-family home creates 2.97 jobs and results in an additional $110,957 in taxes, while the building of an average rental apartment creates 1.13 jobs and $42,383 in new tax receipts.
1 Lastly, $100,000 spent on remodeling creates 0.89 jobs and $29,799 in additional taxes.
Clearly, construction of new houses, as well as remodeling of existing houses, is important for an economy as it creates employment, generates income and provides tax revenues to government.
The housing market also impacts the economy through changes in home prices. A rise in home prices increases household net worth, which is an important element of one's consumption function (Friedman, 1957; Papadimitrious, Hannsgen and Zezza, 2007) . With the rise in home prices, consumers often use home equity credit lines when they lack cash or find it otherwise difficult to borrow. Estimates by Menegatti and Roubini (2007) suggest that each dollar of additional housing 1 Any potential issue regarding the credibility NAHB-provided data is duly noted.
wealth increases the propensity to consume anywhere from 4.5 cents to 16 cents. They also estimate that one dollar of home equity withdrawal generates additional consumption spending that ranges from 10 cents to 50 cents. Given the current tax deductibility of mortgage interest payments (including home equity interest) in the U.S., consumers often purchase consumer durables, such as autos and home appliances, with these proceeds. Moreover, households also tend to use these proceeds for improvements, as well as to pay off other debts (e.g., non-mortgage debts). Greenspan and Kennedy (2007) argue that once such expenditures are included, the impact of a dollar in home-equity withdrawal is multiplied over several times (Papadimitriou et al., 2007) . This increase in consumer spending, which occurs as a result of increases in housing prices, generates additional aggregate demand, which provides a boost to the economy.
Many financial economists argue that housing prices and stock prices are related (Chen, 2001; Sutton, 2002; Abelson et al., 2005; McMillan, 2011) . Although housing is often considered to be a consumer good, it can also be viewed as an investment alternative to other financial assets, including stocks. It is possible that the wealth effect that arises from an increase in home prices may lead a household to increase the share of its financial portfolio represented by stocks. Likewise, an unexpected increase in stock prices may motivate a household to rebalance its portfolio by consuming more housing. Although the causality can run in either direction, the essence of this discussion is that housing markets and stock markets are interrelated.
Standard macroeconomic theory indicates that an increase in stock prices (as well as housing prices) creates wealth, which, in turn, increases aggregate demand, leading to an increase in output.
Conventional wisdom suggests that any increase or decrease in housing prices creates economic fluctuations in the U.S. economy (Leamer, 2007) . The remaining question relates to the significance, or lack thereof, of the housing market's relationship to the overall economy. Although historical evidence may point to the conclusion that the housing market is a key economic variable, particularly in the case of assisting the economy during recessions, its importance may have waxed or waned in recent time periods given the changes that have occurred in the structure of the U.S. economy (Leamer, 2007) .
We are not aware of any published literature that has studied the changing effectiveness of the housing market in boosting the U.S. economy over a period of time. This study fills the void in the literature by presenting empirical estimates and analysis of the relationships between housing prices, stock prices and growth in the U.S. economy from 1993 to 2014. This particular period is instructive because it includes high-tech boom of the 1990s, the housing boom that started in early 2000 and that busted in 2008, leading to the financial crisis. We first look at the relative importance of housing and stock markets on the U.S. economy for the period beginning in 1993 and ending in 2014. We further decompose this sample into three sub-samples representing the high-tech boom (1993-2001), housing boom (2002-2008) and monetary boom (2009) (2010) (2011) (2012) (2013) (2014) , thus adding to the novelty of this particular study. It is expected that the findings of this study will help to better understand the relationship between housing prices and the U.S. economy, particularly with the changing structure of the U.S. economy. Such an improved understanding will provide important insights to policymakers.
II. THEORETICAL BACKGROUND, METHODOLOGY AND DATA
In order to estimate the relationship between the output (Y), housing prices (HP) and stock prices (DJ), the following equation is used: In the absence of monthly data on real GDP, the index of industrial production is used for total output. All of the variables, with the exception of R, are in logarithmic form, while R is in percentage form.
As discussed above, an increase in housing prices boosts a household's net worth. Given that a household's consumption is, at least in part, a function of its overall wealth, an increase in housing prices increases aggregate demand, leading to an increase economic output. An increase in economic output leads to an increase in household income, which, in turn, further increases the demand for housing in the economy. In other words, a two-way causality exists between the housing prices and output in the economy. Likewise, an increase in stock prices creates a wealth effect and increases consumer confidence. This, in turn, leads to an increase in aggregate demand and, subsequently, economic output. The resulting economic expansion combines with the prospect of future economic growth to further increase investment demand. A rise in investment demand increases the demand for stocks, and, as a result, stock prices also rise. Therefore, one also expects to observe two-way causality between stock prices and economic output.
Given that investment demand is a negative function of the interest rate, an increase in the interest rate decreases the level of investment while a decrease in the interest rate increases the level of investment. As a result, any increase in the interest rate lowers aggregate demand, as well as overall output, while a decrease in the interest rate increases aggregate demand and aggregate output. At the same time, however, an increase in aggregate output and household income increases the overall level of saving in the economy, leading to an additional increase in the level of investment. This, in turn, may work to increase the interest rate, which is a result supporting the existence of two-way causality between the interest rate and overall output. Finally, given that a rational investor will distribute his or her wealth into different group of assets depending on their risks and potential returns, we assume that housing prices, stock prices and the interest rate are not only related to overall output (i.e., real GDP), they are also related to each other. In other words, a two-way causality exists between each pair of variables in this particular set.
The theoretical issues discussed above suggest that housing prices, stock prices and output (i.e., real GDP) exhibit two-way relationships. Additionally, the interest rate also affects stock prices, housing prices and aggregate output, with these relationships also pointed in both directions. As such, we first develop an unrestricted vector autoregressive model (VAR) in order to capture the expected relationships between these variables.
Using the VAR model, we attempt to identify the causal relationships -in the Granger (1969 and 1980) 
III. ESTIMATION AND EMPIRICAL FINDINGS
Given that time series data may be non-stationary, giving rise to spurious associations, it is important to test for stationarity, and the possibility of long-term relationships among the variables in the system, of each series. Therefore, before estimating the model, we conduct tests to check the stationarity of each variable data series and the existence of long-term relationship among them. In order to establish the stationarity of the data series, as well as the existence of long-term relationships among them, unit root tests are conducted using both the Augmented Dickey-Fuller (1979) and Phillips-Perron (1988) approaches. These test results are reported in Table 2 , and show that the variables in the system are nonstationary in logarithm form. They are, however, stationary in first-difference form, indicating that they are integrated of order one. After establishing the stationarity of the data series, a cointegration test is conducted to check for any long-run 5 For example, as indicated there the mean values for DJ and R are approximately 9,840 and 4.6 percent, respectively, with standard deviations of 3,368 and 1.5 percent, respectively. 6 These statistics point toward rejection of the null hypothesis of "no breakpoint." 7 Again, these statistics point toward rejection of the null hypothesis of "no breakpoint." relationship among the variables in the model. The cointegration test result is reported in Table 3 , and indicates that the null hypothesis of "no cointegration" is rejected. Therefore, following Engle Granger cause each other. This finding is not surprising given that an increase in stock prices (DJ)
creates a wealth effect which can lead to a higher level of housing consumption, while an increase in housing prices generates additional home equity, which households can use to expand their stock portfolios. Likewise, the Table 4 results also point towards bidirectional causality between the stock prices (DJ) and the interest rate (R), which is also consistent with the theoretical expectation that when stock prices rise households are more likely to adjust their financial portfolios in favor of stock holdings (and vice versa).
As far as the interest rate (R) and housing prices (HP) are concerned, tests detect only oneway causality running from the interest rate (R) to housing prices (HP), indicating that R Granger causes HP, while HP does not Granger cause R. This result suggests that when the interest rate is low households consume more housing (and vice versa), while a change in the demand for housing does not affect the interest rate. Lastly, and as also reported in Table 4 , a significant two-way causal relationship (in the Granger sense) exists between Y (output) and DJ (stock prices), R (the interest rate) and DJ (stock prices) and R (the interest rate) and HP (housing prices). However, only one- 
IV. SUMMARY AND CONCLUSIONS
This paper examines the relationships between housing prices, stock prices, the interest rate and the aggregate output level in the U.S. economy, with a particular focus on the effects of housing prices and stock prices on aggregate output. Monthly data from 1993 to 2014 indicate bi-directional causality between (1) aggregate output and stock prices, (2) stock prices and housing prices and (3) the interest rate and stock prices. The data also suggest that there is one-way causality between housing prices and aggregate output, and between the interest rate and housing prices, while empirical testing failed to detect any causality between the interest rate and aggregate output of the U.S. economy. Moreover, evidence from variance decompositions shows that about 65 percent of the variation in aggregate output is explained by its own innovations (by the end of third quarter) in all of our estimations, while stock prices appear to have largest effect on aggregate output, explaining about 34 percent of its variation during the 1993-2014 period. In contrast, housing prices and the U.S. Treasury yield contribute only modest impacts on aggregate output in the U.S.
Separate estimation and variance decompositions for sample periods 1993-2001, 2002-2008 and 2009-2014 show that the impact of housing prices relative to stock prices has been waning over time. In summary, the overall findings suggest that the effect of housing prices on the U.S economy is not as large as expected. Instead, the wealth effect created by changes in stock prices has a relatively large impact on U.S. aggregate output. 
